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Mitigating Slipping-Related Mortality from
Purse Seine Fisheries for Small Pelagic Fish:
Case Studies from European Atlantic
Waters
Ana Marçalo, Mike Breen, Maria Tenningen, Iñigo Onandia, Luis Arregi,
and Jorge M. S. Gonçalves
Abstract The release of unwanted catches (UWC) from purse seines, while the
catch is still in the water, is known as “slipping”. Once thought to be a benign
process, compared to discarding UWC overboard from the ﬁshing vessel, it is now
recognised that “slipping” can lead to signiﬁcant mortality in the released ﬁsh if done
inappropriately. In this chapter, we examine purse seining and slipping operations,
and discuss what drives slipping and potential mitigation measures to reduce slip-
ping mortality. We use three examples of purse seine ﬁsheries for small pelagic
species in the North-east Atlantic; from Norway, Portugal and Spain. The ideal
solution (identifying and avoiding UWC before the net is set) requires the develop-
ment of tools to enable ﬁshers to better characterise target schools in terms of key
selection criteria, e.g., with respect to species, individual size and catch biomass.
Such tools are being developed, based primarily on hydro-acoustic technology.
However, some UWC in purse seine catches are inevitable, and operational improve-
ments in slipping practices have been shown to signiﬁcantly reduce stress and
mortality in the released UWC. We conclude with a discussion on the challenges
currently facing the implementation of the European Union (EU) Landing Obliga-
tion with regards to minimising slipping related mortality.
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15.1 Introduction
Purse seining is a ﬁshing method for targeting large (e.g. tunas) and small species
(e.g. mackerels, sardines and anchovies) that school or aggregate close to the surface.
It has been the most productive ﬁshing method throughout the world for the past six
decades, accounting for approximately one third of the global catch by weight
(Watson et al. 2006). Incidental catches of dolphins ﬁrst raised awareness of
bycatch issues in tuna purse seine ﬁsheries; although unwanted catches (UWC) of
some species and sizes of teleosts, including undersized tunas and some species of
elasmobranchs, are also common for these ﬁsheries (Hall et al. 2000; Kelleher 2005;
Megalofonou et al. 2005; Hall and Roman 2013). Purse seine ﬁsheries target catches
of low species and size diversity, which contributes to a sporadic occurrence of
UWC (Broadhurst et al. 2006; Borges et al. 2008), but reported rates of UWC are
usually low, and spatially and temporally variable (i.e., 3.5% for tuna ﬁsheries,
Gilman et al. 2017; and 1.6–27% for small pelagic ﬁsheries, Kelleher 2005; Borges
et al. 2001).
Purse seines, particularly for small species, are generally considered to be a
non-selective ﬁshing gear once a target school has been encircled, primarily because
of the small mesh sizes used in the main body of the net, typically < 20 mm.
Therefore, the release of UWC generally happens in one of two ways: ﬁrstly, by
“slipping” all or part of the UWC out of the net while it is still in the water; or
secondly, by “discarding”, when the catch is taken aboard and any unwanted
components are removed and returned to the sea alive or dead. As with other
ﬁsheries, “discarding” is associated with an array of potentially fatal stressors for
the affected animals, and the likelihood of survival is generally assumed to be low
(e.g. Davis 2002; Breen et al. in review).
Conversely, because the catch never leaves the water, “slipping” was once
assumed to be a benign method of releasing UWC from the net, without harming
it. However, experiments have demonstrated that “slipping” of small pelagic species
like mackerel (Scomber scombrus) (Lockwood et al. 1983; Huse and Vold 2010),
herring (Clupea harengus) (Tenningen et al. 2012), sardine (Sardina pilchardus)
(Marçalo et al. 2006; Marçalo et al. 2010) and sardinops (Sardinops sagax) (Mitchell
et al. 2002) may result in unacceptably high rates of mortality. Some of this research
has shown that during the ﬁnal phase of the capture process, the catch can become
highly crowded, with densities >250 kg.m3 (Tenningen et al. 2012), and can be
exposed to potentially fatal stressors, including hypoxia, exhaustion and physical
injury from contact with the net and catch. This established that the mortality of
slipped ﬁsh is directly related to their treatment within the net, with mortality
increasing with increasing crowding densities and crowding time (Lockwood et al.
1983; Tenningen et al. 2012; Marçalo et al. 2010). This concern about slipping-
related mortality has led to recent regulations in some European ﬁsheries that ban the
practice of slipping, unless the released ﬁsh can survive [e.g. EU Landing Obligation
(EU 2013); Norwegian Seawater Fisheries Regulations (NSFR 2014].
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In this chapter we review purse seine ﬁshing targeting small pelagic species in the
North East Atlantic, with reference to mitigating slipping-related mortality. We will
use three different purse seine ﬁsheries (Norwegian coastal and offshore; Spanish
Cantabrian Sea and North-western waters; and Portuguese sardine ﬁshery) as case
studies to explore the following topics:
• Case study overviews including ﬁshing operations and slipping practices;
• Mitigation measures to minimise slipping related mortality; and
• Challenges currently facing the implementation of EU Landing Obligation with
regards to minimising slipping related mortality.
15.2 Purse Seine Fishing Targeting Small Pelagic Species
in the Atlantic
15.2.1 Overviews of Case Studies
Three case studies of purse seine ﬁsheries for small pelagic species in the NE
Atlantic are brieﬂy reviewed here.
15.2.1.1 Norwegian Inshore and Offshore Fisheries
Close to 400 purse seine vessels operate in Norway (Table 15.1), which account for
about 30% of Norway’s total annual landings (Norwegian Directorate of Fisheries
2018). Most of the vessels are relatively small coastal purse seiners (15–55 m
length), but about 65% of the catch is taken by 73 large ocean-going purse seiners
(Table 15.1). Mackerel, herring and capelin (Mallotus villosus) are the main target
species, and in 2017 about 800,000 tonnes were captured (of which 63,000 t taken in
the EU Zone) with a landed sale value of €490 M.
15.2.1.2 Spanish Cantabrian Sea and North-West Fisheries
Purse seine landings in this ﬁshery are estimated at 170,450 tonnes, representing
37% of the total landings by the ﬂeet operating in EU waters (STECF 2017), with a
value of more than €140 M. Purse seining employs 6276 ﬁshers out of a total of
28,078 employed in ﬁsheries in Spanish waters (MAPAMA 2017). Five main
Spanish purse seine ﬁsheries can be identiﬁed in the ﬁshing area, here we focus on
the purse seine ﬁsheries in the Cantabrian Sea and North-west targeting small
pelagics (Table 15.1).
15 Mitigating Slipping-Related Mortality from Purse Seine Fisheries for. . . 299
T
ab
le
15
.1
P
ur
se
se
in
e
ﬂ
ee
t
an
d
ge
ar
ch
ar
ac
te
ri
st
ic
s
fr
om
ca
se
st
ud
ie
s
C
ou
nt
ry
–
ﬂ
ee
t
N
o
of
ve
ss
el
s
H
ol
d
ca
pa
ci
ty
(t
on
ne
s)
P
ow
er
(H
P
)
m
ea
n
(r
an
ge
)
L
O
A
(m
)
m
ea
n
(r
an
ge
)
G
R
T
(t
on
ne
s)
m
ea
n
(r
an
ge
)
N
et
le
ng
th
(m
)
N
et
de
pt
h
(m
)
M
in
m
es
h
si
ze
(m
m
)
R
ef
s
N
or
w
ay
–
of
fs
ho
re
73

15
00
46
60
63
(4
5–
80
)
~
25
00
(1
00
0–
40
00
)
~
40
0–
85
0
~
10
0–
26
5
15
–
18
a,
b
N
or
w
ay
–
in
sh
or
e
~
30
0

50
0
~
50
0
~
35
(1
5–
55
)
~
30
0
(~
10
0–
50
0)
~
40
0–
70
0
~
10
0–
15
0
15
–
18
a,
b
S
pa
in
–
C
an
ta
br
ia
n
S
ea
an
d
N
W
w
at
er
s
26
2

10
0
33
0
(2
10
–
78
0)
23
(1
2–
36
)
83
(5
2–
24
7)

60
0
12
0
14
c,
d
P
or
tu
ga
l
–
m
ai
nl
an
d
18
0

20
26
5
(1
5–
60
0)
17
(6
–
27
)
30
(5
–
95
)

80
0

12
0
18
e,
f
S
ou
rc
es
:
a
–
N
or
w
eg
ia
n
F
is
he
ri
es
D
ir
ec
to
ra
te
D
at
aB
as
e
20
18
;
b
–
N
S
F
R
20
14
;
c
–
M
A
P
A
M
A
20
17
;
d
–
S
pa
ni
sh
re
gu
la
tio
n
fo
r
pu
rs
e
se
in
e
ge
ar
s,
20
15
;
e
–
D
G
R
M
20
17
:
f
–
M
ar
ça
lo
20
09
300 A. Marçalo et al.
15.2.1.3 Portuguese Sardine Fishery
The Portuguese sardine ﬁshery accounts for about 50% by weight of catches landed
in the country’s mainland ports (DGRM. DATAPESCAS 2017). The ﬁshery is
coastal (operating within the continental shelf), and the ﬂeet is comprised of 180 ves-
sels (Table 15.1). Sardine is the target species and accounts for more than 90% of
total catch weight and value (Silva et al. 2015). Horse mackerel (Trachurus
trachurus), chub mackerel (Scomber colias) and anchovy (Engraulis encrasicolus)
account for a smaller part of the landings (Stratoudakis and Marçalo 2002; Feijó
et al. 2018). Landings in 2017 were 45,488 tonnes with a value of more than €51 M
(DGRM. DATAPESCAS 2017).
15.2.2 Purse Seine Fishing Operations
Once a potential target school has been located, typically using hydro-acoustic ﬁsh
detection technology (e.g. sonar and echo-sounders), it is quickly surrounded by a
wall of netting. The net is supported at the surface with a ﬂoat-line, while at the
bottom, a heavy, “leaded” rope and a series of heavy metal rings (“purse rings”)
ensures the net sinks quickly around the catch (Fig. 15.1a). The purse seine is
typically set rapidly (~10 mins) by a single vessel, although in Portugal a small
auxiliary vessel (“skiff”; 6–7 meters) assists in the operation. When the net has been
fully deployed, or “set”, a wire rope, or “purse line”, that passes through the purse
rings is then pulled into the vessel, closing the net beneath the school to prevent the
ﬁsh from diving and escaping (Fig. 15.1b). The net is then gradually hauled in using
hydraulic winches (e.g. a Triplex Power block), which progressively reduces the
volume contained by the net, and crowds the catch into the bunt end (Fig. 15.1a)
until the density becomes sufﬁciently high to inspect what is in the catch. In Portugal
and Spain this ﬁnal stage of hauling, as the ﬁsh are crowded in the bunt, is often done
manually (i.e., with the crew hauling the net aboard the vessel by hand). After the
catch is inspected, if the decision is made to harvest it, it is then transferred into the
boat; either by brailing (i.e., using large dip nets called brails in Portugal and Spain)
or using ﬁsh pumps (in Spain and Norway), while the rest of the catch is left in the
water.
There are substantial differences between ﬂeets with respect to individual catch
sizes, as well as vessel and gear dimensions (Table 15.1). Catches in the Spanish and
Portuguese ﬁsheries are typically around 3–5 tonnes, but can exceed 10 tonnes,
while in the Norwegian ﬁsheries they are typically much larger (50–500 tonnes) and
can exceed 1000 tonnes. The most striking difference between the ﬂeets is the size
range and hold storage capacity of the vessels, with the Norwegian offshore ﬂeet
dwarﬁng those of the other ﬂeets. In contrast, differences in net dimensions among
ﬂeets are comparatively small.
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15.2.3 Slipping Practices – Drivers and Methods
As with many ﬁsheries, UWC in purse seine ﬁsheries can result from a variety of
economic (i.e., catch quality, market price/demand) and regulatory (i.e., quotas,
sizes, protected species) drivers that may result in the catch being slipped. In
addition, due to the dimensions of the net and the nature of the target species to
form large and sometimes dense schools, purse seining can take catches far in excess
of the holding capacity of the ﬁshing vessel. This issue is particularly relevant for
smaller vessels, which may only have the capacity to retain a proportion of the catch
in the net (Table 15.1).
Float-line
Shoulder Main Body
Wing
Purse-
line
Purse-ring
© 2010 Encyclopaedia Britannica, Inc.
Setting and hauling a purse seine
a
b
Bunt
Fig. 15.1 Diagram of a purse seine net: (a) principal components) and (b) purse seining operations:
setting the net and hauling
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15.2.3.1 Norwegian Fisheries
In Norway, it is legal to release viable UWC from purse seine, but the vessels have
individual transferrable quotas (ITQ) to purposely reduce regulatory pressures to
discard (Gullestad et al. 2015). Furthermore, all pelagic ﬁsh sales are controlled by a
single authority (“Norges Sildesalgslag”), so landings (including bycatch) from
individual boats are closely monitored and controlled. While economic drivers
may also inﬂuence slipping practices, it is generally felt that at present the main
driver for slipping in the Norwegian ﬂeet is catch size, particularly amongst the
coastal ﬂeet. However, there are currently no reliable estimates of the magnitude or
frequency of these slipping events.
With regard to slipping practices, ﬁshers’ behaviour is now, in principle, driven
by regulations governing such practices in Norwegian and EU waters. Before the
introduction of these regulations, unwanted or excessive catches were released late
in the capture process, when the catch was very crowded, by slipping over the ﬂoat-
line, or by partially opening the bunt-end as the net was hauled aboard (Fig. 15.2a).
In 2014, regulations were introduced to manage slipping practices in mackerel
ﬁsheries in Norwegian waters. The regulations prescribe that the seine must be
prepared for release of UWC (i.e. bunt-end opened) before 7/8 of the net length is
Fig. 15.2 Slipping operations in different purse seine ﬁsheries: (a) Norwegian; (b) Portuguese; (c)
Spanish
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hauled (marked by a visible ﬂoat), and UWC must be released through an opening
sufﬁciently large to permit the ﬁsh to swim out freely (NSFR 2014; Rule §48a).
Following the introduction of the EU Landing Obligation (LO), slipping practices in
EU waters were regulated from 2015 by Commission Delegated Regulations
(CDRs), for both North-Western Waters and the North Sea (EU 2014a, b). These
enact High Survival Exemptions (HSE) to the LO (see Chap. 3 for more details;
Rihan et al., this volume) for herring and mackerel ﬁsheries, provided the catch is
released before a certain proportion of the net is hauled, referred to as the “point of
retrieval”, (also marked by a visible ﬂoat); where the limits are 80% of the net for
mackerel; and 90% for herring. Furthermore, the vessel and purse seine should be
equipped with electronic instruments to document when, where and the extent to
which the purse seine has been hauled.
15.2.3.2 Spanish Fisheries
In the Cantabrian and NW Spanish waters, anchovy is slipped due to the low market
price of small-sized individuals and ﬁsh under the Minimum Conservation Refer-
ence Size (MCRS), while mackerel and horse mackerel are slipped when their quotas
are exhausted. On the other hand, sardine (ICES divisions 8a, b and d) and Atlantic
chub mackerel have no quota limitations, but they may be discarded due to low
market prices. From observer data in these ﬁsheries, the frequency of slipping events
was estimated to be 8.3% (17 slipping events in 204 sets) (Arregi et al.
unpublished data).
The South Western Waters’ purse seine ﬁsheries (Portuguese, Spanish and
French) are permitted to slip several species (mackerel, horse mackerel, and
anchovy) under a High Survival Exemption (HSE) in the EU Commission Delegated
Regulation (CDR) for South Western Waters (EU 2014c; Rihan et al., this volume).
Furthermore, the conditions of this HSE recognise the small-scale nature of purse
seine operations in these ﬂeets and is far less prescriptive in its conditions for
slipping practices, stating: “[. . .] catches may be released, provided the net is not
fully taken aboard”. The slipping method differs from other ﬁsheries, where ﬁshers
will roll the ﬁsh over the headline. Here, the bunt and the ﬁrst 5 to 10 pursing rings
are detached and the catch is released before it becomes too crowded (Fig. 15.2c).
Catches from this ﬂeet are used fresh, for human consumption, so quality is an
important factor. This inﬂuences how the ﬁshers handle the catch, where crowding
density is kept under about 80 kg of ﬁsh per cubic metre to avoid abrasion and
crushing of the catch.
15.2.3.3 Portuguese Sardine Fishery
The Portuguese sardine ﬁshery is currently affected by a historically low spawning
stock biomass for the southern-Iberian stock, which is below safe biological limits
(Silva et al. 2015). This led to strict management measures (e.g. seasonal ban and
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daily quotas per vessel), which have been applied by the Portuguese government
since 2012 (Silva et al. 2015) and ICES recommending a zero TAC since 2018
(ICES 2018). As with Norway, all landings and sales are handled through a single
national authority (DocaPesca). So, during the sardine ban, ﬁshers are targeting other
pelagic species, including Atlantic chub mackerel and horse mackerel; and slipping
sardine, if caught. Conversely, during the open sardine season there is an increased
slipping of other species (due to the high market prices for sardine), but also excess
sardine, because daily sardine quotas are very small (usually around 1.5–2.0 tonnes
per vessel). However, neither sardine nor chub mackerel are currently listed amongst
the species in the HSE for SW waters (EU 2014c). Other drivers for slipping in this
ﬁshery may be: vessel capacity the presence of non-commercial species, undersized
ﬁsh, or a mixture of species, which will devalue the catch at auction (Stratoudakis
and Marçalo 2002; Marçalo 2009; Feijó et al. 2018). The slipping practice typically
occurs at the very end of the ﬁshing operation and involves rolling the ﬁsh over the
ﬂoat-line (Fig. 15.2b).
15.3 Mitigation Measures to Reduce Slipping Related
Mortality
To effectively reduce slipping-related mortality, it is necessary to release any
unwanted catch as early in the capture process as possible, before the ﬁsh become
fatally stressed. To do this the ﬁsher requires tools and methods to: (a) characterise
the potential catch so that the decision to take or release it can be made as early in the
capture process as possible, ideally before the net has even been set; and, (b) where
slipping is unavoidable, release any unwanted catch in a controlled way with
minimal stress to the ﬁsh (Breen et al. 2012; Breen et al. in review; CRISP 2018).
Here, we describe research in three main areas of development that aims to provide
such tools: (1) pre-catch identiﬁcation of ﬁsh schools (with respect to species,
quantity and ﬁsh size) using hydro-acoustic methods to prevent catching unwanted
ﬁsh; (2) monitoring the catch and net during the haul to provide information on the
catch density, ﬁsh size and quality at an early stage in the haul, while slipping is still
acceptable; and (3) modiﬁcations to purse seine design and practices to promote the
survival of slipped ﬁsh (Fig. 15.3).
15.3.1 Pre-Catch Identiﬁcation – Minimize the Need
for Slipping
Skippers use experience and knowledge about the behaviours of different species to
evaluate school size and species based on received echoes on their sonar and echo-
sounder screens. However, having accurate quantitative estimates of school charac-
teristics will further improve catch estimation and reduce UWC. Furthermore,
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avoiding UWC can have signiﬁcant economic beneﬁts for ﬁshers, through reduced
fuel costs and improved catch quality and prices (Larsen and Dreyer 2013). Infor-
mation about the species in a school, school morphology and geographical distribu-
tion can, to some degree, be estimated using multi-frequency echo-sounders (Horne
2000; Korneliussen et al. 2009). The echo strengths at different frequencies are
species-speciﬁc, due to variation in ﬁsh morphology (e.g. presence or absence of a
swimbladder) and the relative frequency response r(f), i.e. the ratio of the
backscattered energy at frequency f to that at 38 kHz, can be used to distinguish
between some species. Individual ﬁsh size within a school can also be estimated
using a high resolution broadband echo-sounder, if individual targets can be detected
(CRISP 2018). In recent years, signiﬁcant progress has also been made in using
multi-beam sonars to quantify ﬁsh school sizes (Nishimori et al. 2009; Vatnehol
et al. 2017) and behaviour (Gerlotto and Paramo 2003; Holmin et al. 2012). In
Norway, research and development in hydro-acoustic pre-catch identiﬁcation is a
well-functioning cooperation between research institutes, the ﬁshing industry and
companies delivering ﬁsheries instrumentation (e.g. CRISP 2018; LSSS 2018;
DABGRAF 2018; SEAT 2018).
15.3.2 Early-Catch Monitoring
Nevertheless pre-catch identiﬁcation is not always accurate, especially when schools
are large and dense. So, it is also necessary to have tools to monitor and characterise
the catch early in the capture process before the ﬁsh become too crowded in the net.
However, monitoring a school inside the net is challenging, even using acoustic
Fig. 15.3 The three-stage strategy to provide purse seine ﬁshers with the tools and methods
necessary for avoiding unwanted catches and reducing slipping-related mortality. (From Breen
et al. 2012)
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technologies. Omnidirectional sonars are usually retracted into the hull during purse
seining to avoid damage, making them unsuitable for monitoring schools during
capture. But multi-beam sonar, mounted on a research vessel, has been used to
monitor and describe the behaviour of schools captured by purse seine (Tenningen
et al. 2017). Multi-beam sonars on ﬁshing vessels, with side-looking transducers are
now commercially available (e.g. Kongsberg Maritime SN90) so work is in progress
to obtain a better understanding of ﬁsh behaviour, densities and school biomass
inside the seine (Fig. 15.4).
Multi-beam sonar has also been used to describe purse seine shape and volume
during seine hauling (Tenningen et al. 2015). This work has provided a better
understanding of how the volume available for captured ﬁsh schools varies under
different ﬁshing conditions and the impact that may have on the survival of
slipped ﬁsh.
In addition to acoustic methods, efforts have been made to develop tools for
obtaining sub-samples of catches, monitoring the catch visually and collecting data
on environmental conditions in the net. However, this is technically challenging
because the seine is large and dynamic, making it difﬁcult to attach any monitoring
instruments to it directly. Examples of promising methods include: a small sampling
Fig. 15.4 Image from the Simrad SN90 sonar (Kongsberg Maritime AS) of a school of North Sea
herring in a purse seine, with the wall of the net clearly visible. Left panel – horizontal view; right
panel – vertical view
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trawl, deployed using a pneumatic canon (Isaksen 2013; Peña et al. 2018); a
monitoring probe deployed in the same way and equipped with cameras and
instruments for measuring oxygen, temperature and depth (Breen et al. in prep);
and measuring the size frequency distribution inside the catch with a stereo-camera
(see SINTEF FKiN Project 2018).
15.3.3 Late Capture and Release
Research has demonstrated that slipping unwanted catches from the purse seine can
be a responsible catch control practice, if done before the captive ﬁsh become too
crowded and in a way that maintains their ordered behaviour. For example, in
controlled experiments, mackerel could tolerate moderate crowding densities
(~88 kg m3 for up to 1 h) and relatively low oxygen concentrations (~40%
saturation) without signiﬁcant mortality (as observed up to 8 days after stressor
treatment) (Handegard et al. 2018). Furthermore, preliminary observations suggest
that such conditions do not develop in commercial catches until late in the haul-back
phase, particularly in slipped catches (Breen et al. in prep; Fig. 15.5). In addition,
changes in behaviour have been observed at sub-lethal and potentially lethal
crowding densities that could be used as potential indicators of stress in the catch,
but practical challenges for effectively monitoring such indicators remain (Breen
et al. in review).
Amongst our case studies, there are several examples of research demonstrating
the effectiveness of good slipping practices in reducing stress and promoting sur-
vival in released catches.
Fig. 15.5 An example from a single commercial purse seine cast showing that crowding density
(blue line; ordinal score) and dissolved oxygen concentration (red line; % saturation) (top), and
behaviour (below), changed over time (Behaviour summarised in 1 min bins). (From Breen et al. in
prep)
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15.3.3.1 Norwegian Fisheries
A practical code of “best practice” for conducting slipping operations was developed
in collaboration with the ﬁshing industry and Norwegian Fisheries Directorate (Vold
et al. 2017). This “best practice” includes recommendations for using the bunt-end of
the net to form a controllable release opening (with minimum dimensions,
i.e. length > 18 m), from which the ﬁsh can be allowed to swim freely. The
effectiveness of this “best practice” was assessed in context with the regulation,
which require that ﬁsh swim freely from the net. So, the behaviour of the released
catch (herring and mackerel) was observed during slipping, in relation to the
dimension and form of the release opening, as well as other operational parameters.
It showed that initially the ﬁsh were reluctant to leave the net but eventually, once the
catch began to swim out of the net, they typically retained an ordered schooling
behaviour. However, some disordered behaviour was observed as well, and this
typically occurred later in the slipping process and was more likely to be seen in
larger catches (Vold et al. 2017).
15.3.3.2 Spanish Cantabrian and NW Fisheries
To assess whether different components of UWC could be released without a
signiﬁcant slipping mortality, the survival of several species (mackerel, horse mack-
erel, anchovy, sardine and Atlantic chub mackerel) was assessed after exposing them
to different crowding periods (0–50 min) during commercial purse seine operations.
Several experiments were done (in 2013/14) aboard vessels that alternated purse
seine with pole and line targeting tunas during summer. These vessels were equipped
with several large water tanks (~10m3, water replacement rate 400 l.min1) specif-
ically designed to maintain live bait (caught with the vessel’s purse seine gear) and
thus provide a useful facility for this research. Sub-samples of the catch, using a ﬁsh
pump, were taken at different time intervals after the catch had been crowded in the
bunt, and then behaviour and survival of the ﬁsh was monitored in the “live-bait”
tanks for between 2 and 6 days. The results generally showed high survival rates
(horse mackerel: 89.7–100%; anchovy: 54.2–97.8%; sardine: 83.9–100%; and
Atlantic chub mackerel: 100%); but for mackerel a large range: 3–100%. These
results were presented as supporting evidence for a successful application for a HSE
(STECF 2014; EU 2014b). However, there was considerable variability, particularly
with respect to species, crowding time, crowding density and catch size (Fig. 15.6).
Furthermore, following advice from the ICES Workshop on Methods for Estimating
Discard Survival (WKMEDS; ICES 2016) work is ongoing to substantiate these
results with experiments using longer monitoring periods (up to 20 days), to avoid
underestimating mortality (ICES 2018; in press; see also Rihan et al., this volume).
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15.3.3.3 Portuguese Sardine Fishery
Previous research in this ﬁshery showed that survival of released sardines was likely
to be greater during earlier stages of the hauling phase, when crowding was less
(Marçalo et al. 2010). During meetings with ﬁshers to discuss practical methods to
mitigate the slipping problem, it was suggested that during the closed season,
sardines could be released from the remainder of the catch through an opening
created by putting weights over the ﬂoat-line. This utilised differences in the
behaviour of different species in the catch to selectively release the sardines. That
is, sardines when in a mixed catch with other small pelagic species, usually swim
close to the surface, while other species (e.g., chub mackerel) swim down in the net.
Experiments were done to assess the effectiveness of this method in promoting the
survival of slipped sardines, compared to the standard method of rolling the ﬁsh over
the ﬂoat-line and a control (non-slipped and non-crowded sardines) (Fig. 15.7;
Marçalo et al. 2018). After transferring samples of released and control ﬁsh to
onshore aquaria, survival rates were monitored in captivity for 28 days. Survival
(at asymptote) of sardines in the three replicates from the standard slipping was low
(12.8%; 8.9–15.2 at 95% CI), however the modiﬁed slipping procedure did signif-
icantly improve survival (survival at asymptote of 44.7%; 39.3–50.1% at 95% CI),
which was comparable to the control ﬁsh (survival at asymptote of 43.6%;
38-0–49.3 at 95% CI).
Fig. 15.6 Post-crowding survival of ﬁve small pelagic species (mackerel, horse mackerel, chub
mackerel, anchovy and sardine) subsampled from Spanish purse seines after different time intervals
(0–50 min). (From Arregi et al. unpublished data)
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15.4 Challenges for the Landing Obligation in Regulating
Slipping in Purse Seine Fisheries
In this chapter, we have reviewed slipping in three NE Atlantic purse seine ﬂeets
operating in small pelagic ﬁsheries. This has shown that there are several issues
driving slipping practices, including economic (e.g., market value) and regulatory
(e.g., quotas, MCRS) pressures. For purse seine ﬁshing, there is an additional driver,
i.e., the capacity for vessel to hold excessively large catches. Furthermore, there are
substantial differences across the described ﬂeets with respect to individual catch
composition and sizes, vessel power and capacity. The Norwegian offshore ﬂeet is
characterised as having relatively new and large vessels and has invested consider-
ably in the latest ﬁsh ﬁnding (hydro-acoustic), gear handling and catch storage
technologies, compared to the smaller vessels in the Norwegian (coastal), Portu-
guese and Spanish ﬂeets. This diversity in ﬁshing practices, resources and invest-
ment, as well as regional economic and social difﬁculties, will differentially affect
slipping practices and has been cited as a major challenge for introducing the
Landing Obligation in some EU Member States (Veiga et al. 2016; Maynou et al.
2018).
Various operational and technological solutions are described in this chapter
(some still being developed) which have the potential to promote the survival of
unwanted catches released from purse seine ﬁsheries. As with many ﬁsheries, the
ideal solution for dealing with UWC is to avoid catching it in the ﬁrst instance (see
O’Neill et al., this volume; Reid et al., this volume). In purse seining, this means
providing the ﬁsher with the tools to characterise the catch (in terms of species
composition, quality/size range and catch volume) before setting the seine, or at least
early in the capture process. For this, hydro-acoustic technologies are being exam-
ined as the most promising technological solution, with the potential for describing
species composition, size frequency distribution and catch biomass. However, we
also identiﬁed several novel methods (e.g., the canon-deployed sampling trawl) that
Fig. 15.7 Diagram of sampling at sea for the control, modiﬁed and standard slipping techniques in
the Portuguese purse seine MINOUW case study (in Marçalo et al. 2018)
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could provide “low tech” and more affordable solutions for at least partly
characterising the catch before it is fully crowded next to the boat.
In most ﬁsheries at present it is not until the catch is inside the net, and at least
partially crowded, that the ﬁsher has enough information to be able to decide to bring
the catch on board or not. If the ﬁsher is legally obliged to take the catch onboard,
even if it entirely or partly consists of UWC, this can present him/her with several
challenges, particularly if the vessel is small. Firstly, assuming the vessel has the
capacity to take the catch onboard, storage space may be limited making it difﬁcult to
keep the UWC separate from the marketable catch, as required by the LO (Villasante
et al. 2016a, b). Furthermore, there is currently no on-shore infrastructure for
accommodating and processing the UWC – at least in most southern European
Member States (Veiga et al. 2016; Maynou et al. 2018). More critically, if a vessel
does not have the capacity to take all of the catch on board, the ﬁsher is presented
with a serious dilemma that could threaten the safety of his/her vessel and crew.
There are examples of ﬁsheries where the catch in such cases is shared between
nearby vessels (e.g., in Portugal and Spain; Feijó et al. 2018). However, the delay
associated with transferring the catch to other vessels has been linked with a
substantial reduction in catch quality, and hence price (Digre et al. 2016). Thus,
this presents the manager with the challenge of how to regulate/incentivise such
practices to ensure the vessel receiving the excess catch is suitably compensated.
Several studies in this chapter have shown that, provided that the catch does not
become too crowded, it can be released in a viable state with a high likelihood of
survival. Each of these methods relies on providing a suitably large opening in the
net to allow the ﬁsh to swim out before they become too crowded and for too long
(Fig. 15.8). Furthermore, in the case of the Portuguese ﬁshery, it was also shown that
sardine could be released selectively, while retaining other components of the catch,
because of behavioural differences between species when captive in the net (Marçalo
et al. 2018). If the whole catch is to be released, this is a relatively simple operation,
as demonstrated in the Spanish ﬁshery, whereby the bunt end/wing is opened and
several purse rings are released. However, if only a proportion of the catch is to be
released, more control over the opening and release process is required. Furthermore,
there is likely to be a critical point during the slipping process, after which the ﬁsh
have become too stressed and their survival will be compromised. How this release
process can be effectively and safely monitored and controlled to ensure that only
viable ﬁsh are released remains a considerable challenge.
The EU Landing Obligation (LO) recognises that regional and ﬁsheries speciﬁc
differences in UWC will require tailored solutions, which can be facilitated through
Commission Delegated Regulations (CDRs), and include exemptions like the High
Survival Exemption (HSE) (Rihan et al., this volume). Particularly relevant to the
slipping problem is the HSE, because if a ﬁshery can demonstrate to the EU
Commission that any released UWC has a high likelihood of survival, it may be
exempted from the LO. Comparable regulations also apply in Norway (Karp et al.,
this volume). Unfortunately, there are disparities in some of these regulations that
present ﬁshers with some considerable challenges. For example, in the EU CDR for
pelagic ﬁsheries in SW waters (EU 2014a, b, c), a HSE has been granted to release
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unwanted catches of anchovy, mackerel, horse mackerel and jack mackerel.
Excluded from this exemption is sardine, despite data being available when the
HSE was ﬁrst proposed, which demonstrated high survival (83.9–100% up to 6 days
post-treatment; Arregi et al. 2014). The spawning stock biomass for sardine in
Cantabrian Sea and Atlantic Iberian waters (ICES divisions 8.c and 9.a) has been
below safe biological limits since 2009, with ICES currently advising a zero TAC
(in 2018) and Portuguese ﬁsheries having at least a partial (seasonal) ban on catches.
Therefore, although it would clearly be beneﬁcial for this stock, ﬁshers who respon-
sibly release catches of sardines would be in breach of the LO. In another example,
the EU CDR for pelagic ﬁsheries in NW waters and the North Sea (EU 2014a, b)
permits the slipping of mackerel and herring provided the release is completed
Fig. 15.8 View from
beneath the vessel as a
school of herring swims out
of a purse seine during
slipping. [Source: IMR]
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before 80%/90%, respectively, of the net has been hauled (“the point of retrieval”).
This contrasts with the Norwegian regulations for the mackerel ﬁshery, which
(following consultation with ﬁshers and researchers) stipulate that the release open-
ing must have been prepared before a comparable “point of release” (87.5% [7/8th]
of the net) but that the release may continue beyond this point; enabling the ﬁshers to
assess their catch and control the slipping operation. In addition, the Norwegian
regulations stipulate how the catch should be released, i.e. through an opening
sufﬁciently large to allow the released ﬁsh to swim out freely (NSFR 2014; Rule
§48a). These are practices that are already used in the Norwegian inshore purse seine
ﬁshery for transferring catches into holding cages (Breen et al. 2012) and that have
been shown in work reviewed in this chapter to promote survival.
Another major challenge, shared by many ﬁsheries, is monitoring ﬁshing prac-
tices and ensuring compliance with the regulations (discussed in detail by Nuevo
et al. (this volume)). Reliable estimates of slipping rates and any associated mortality
would enable ﬁsheries managers to account for this additional ﬁshing mortality in
stock assessments and any resultant advice on catch limits (e.g. Breen and Cook
2002; Mesnil 1996), as well as monitor the effects of slipping regulations on ﬁshing
practices. However, there are currently no known monitoring programmes targeting
slipping practices. Furthermore, slipping practices will prove particularly challeng-
ing to monitor, because the catch is not taken aboard the vessel before it is released.
Effective monitoring is likely to require on-board observers and/or electronic mon-
itoring (EM). Even then methods for reliably characterising the status and species
composition of the released catch are still to be developed. With regards to EM, the
EU CDRs for pelagic ﬁsheries in NW waters and the North Sea (EU 2014a, b)
stipulate that all slipping operations should be monitored with an electronic record-
ing system documenting when, where and the extent to which the net has been
hauled. Interestingly, no commercially available technology currently exists to
monitor purse seine hauling, effectively prohibiting all slipping operations in NW
waters and the North Sea. Most concerning of all with regards to compliance, is that
many ﬁshers are yet to fully appreciate the implications of the LO (Maynou et al.
2018), although many do voluntarily take steps to avoid unwanted catches (Marçalo
et al. 2018).
15.5 Conclusion
Management strategies and regulations currently attempting to address the slipping
problem are, in reality, still in early development. Therefore, as we gain more
knowledge in this area, management strategies are likely to require modiﬁcations
to better suit the ﬁsheries they are regulating. Furthermore, it is recognised that the
successful implementation of ﬁshing regulations is best done in close consultation
with all stakeholders to ensure that what is prescribed is practical, safe, economically
viable, effective and something that the ﬁshers will actually implement (Karp et al.,
this volume). In terms of policy and research, priority should be given to avoiding
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UWC; avoidance is the most effective way of reducing slipping mortality and is
likely to increase proﬁtability for the ﬁsher and therefore implementation. However,
some level of UWC in purse seine ﬁsheries for small pelagic species is inevitable.
Methods for releasing UWC that promote high survival for the slipped catch must
continue to be developed in collaboration with ﬁshers to ensure they are practical,
effective and implemented.
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